S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Biomedicine & Pharmacotherapy 142 (2021) 111956

Contents lists available at ScienceDirect

Biomedicine & Pharmacotherapy

biomsdiigie
journal homepage: www.elsevier.com/locate/biopha

ELSEVIER

Check for

A secondary approach with conventional medicines and supplements to ol
recuperate current COVID-19 status

Apu Chowdhury ?, Muhammad Sajid *, Nabila Jahan ", Temitope Isaac Adelusi©, Pulak Maitra ?,
Guolian Yin?, Xudong Wu?, Yuan Gao?, Sicen Wang "’
& Faculty of Materials and Chemical Engineering, Yibin University, Yibin, Sichuan 644000, China

b School of Pharmacy, Xi’an Jiaotong University, Xi’an, Shaanxi 710061, China
¢ Computational Biology/Drug Discovery Laboratory, Department of Biochemistry, Ladoke Akintola University of Technology, Ogbomoso, Nigeria

ARTICLE INFO ABSTRACT

Keywords: Novel coronavirus 2019 (COVID-19) is a zoonosis that revised the global economic and societal progress since
COVID-19 early 2020. The SARS-CoV-2 has been recognized as the responsible pathogen for COVID-19 with high infection
Ivermectin and mortality rate potential. It has spread in 192 countries and infected about 1.5% of the world population, and
]Z);:(Cycydme still, a proper therapeutic approach is not unveiled. COVID-19 indication starts with fever to shortness of
Vitamin-D breathing, leading to ICU admission with the ventilation support in severe conditions. Besides the symptomatic
Vitamin-C mainstay clinical therapeutic approach, only Remdesivir has been approved by the FDA. Several pharmaceutical

companies claimed different vaccines with exceptionally high efficacy (90-95%) against COVID-19; how long
these vaccines can protect and long-term safety with the new variants are unpredictable. After the worldwide
spread of the COVID-19 pandemic, numerous clinical trials with different phases are being performed to find the
most appropriate solution to this condition. Some of these trials with old FDA-approved drugs showed promising
results. In this review, we have precisely compiled the efforts to curb the disease and discussed the clinical
findings of Ivermectin, Doxycycline, Vitamin-D, Vitamin-C, Zinc, and cannabidiol and their combinations.
Additionally, the correlation of these molecules on the prophylactic and diseased ministration against COVID-19
has been explored.

1. Introduction sore throat, headache, muscle or joint pain, different types of skin rash,

nausea or vomiting, diarrhea, and chills or dizziness are the symptoms

Coronaviruses (CoVs) are single-stranded RNA viruses that consist of
spike glycoproteins on the envelope, which look like a crown (coronam
as Latin term of the crown) [1]. CoVs are subdivided into four groups:
Alpha-coronavirus (a-CoV), Beta-coronavirus (B-CoV),
Delta-coronavirus (A-CoV), and Gamma-coronavirus (y-CoV).
Severe-Acute-Respiratory-Syndrome CoV-2 (SARS-CoV-2) is belonging
to the B-CoV [2]. SARS-CoV-2 genome has 96% similarity of $-CoV
RaTG13 of bats though the origin is still unknown [3]. S2 of (one of the
spike proteins) SARS-CoV-2 has an amino acid site that allows it to bind
with the Angiotensin-Converting Enzyme 2 (ACE2) receptor and infuse
its RNA to the host cells. Host cells replicate this RNA rapidly and pro-
duce an excessive immune reaction along with redox imbalance in the
host which, finally causes the novel coronavirus disease at the end of
2019, renowned as COVID-19 [4,5]. Fever, dry cough, fatigue, loss of
taste or smell, nasal congestion, conjunctivitis (also known as red eyes),

developed in COVID-19 [6].

The most susceptible to the COVID-19 are the persons with low im-
munity system, elderly aged people with different health concerns like
cancer, chronic kidney diseases, chronic obstructive pulmonary dis-
eases, a heart condition, pregnancy, and type 2 diabetics mellitus [7].
Interestingly, there might be a role of an individual’s blood group to be
at risk of SARS-CoV-2 infection [8].

The current therapeutic approach is mostly symptomatic, but many
clinical trials are being performed to figure out preventive management.
Lately, Remdesivir got approval from the FDA (Food and Drug Admin-
istration) to treat hospitalized COVID-19 patients [9]. Different phar-
maceutical companies are trying to develop vaccines employing
versatile methodologies. Companies like Pfizer/BioNtech, Moderna
claimed their mRNA (messenger RNA) vaccines are 94-95% effective
against SARS-CoV-2 [10]. Viral vector vaccines (ChAdOx1 nCoV-19) of
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AstraZeneca and the University of Oxford were studied in 23,848 par-
ticipants in UK, Brazil, and South Africa. Here, a low dose followed by a
standard dose was 90% effective against COVID-19 [11]. Even though,
all the vaccines are promising, they are yet to be approved by the WHO
for mass usage. Side by side, how long these vaccenic can provide pro-
tection and their long-term consequences are still unpredictable.

Due to these panic circumstances, peoples from all groups are eager
to get information about the viral cause and cure irrespective of their
area. Therefore, in this study, we would like to discuss some FDA-
approved drugs and supplements studied against COVID-19 separately
or as adjuvant. These drugs were used mostly to treat COVID-19, but
some of them were used as prophylaxis. Hence, this document will
provide comprehensive information about pharmaceutical -efforts
against COVID-19 in a precise way.

2. Current COVID-19 epidemic status

Since the arrival of novel coronavirus-2019, it has spread around 192
countries and infected over 162 million people (2.1% of the total world
population) around the world [12]. At the time of writing (May 2021)
according to Johns Hopkins University, the total recovery from
COVID-19 is 91.25 million with more than 3.4 million fatalities [13].
According to the WHO as of 18th May 2021, 40% cumulative cases are
accumulated in the north and south Americas, 33% in Europe, 17% in
South-East Asia, 6% in Eastern Mediterranean, 2% in Africa, and 2% in
Western Pacific region [12].

From the 31st January 2020 to 18th May 2021 (17 months) the cases
and deaths per month were extracted from the data provided by WHO
(Supplementary data) [14]. Those data were plotted in Figs. 1 and 2
where the whole world was divided into six regions (Americas, Europe,
South-East Asia, Eastern Mediterranean, Africa, Western Pacific). In
Fig. 1A and B, the number of cases and deaths were arranged for all the
six regions, and as cases per month were changing in these regions with
the months and created a wave shape. The first highest peak was
considered as the first wave and the second highest peak as the second
wave. The number of cases in the 2nd wave was much greater than the
1st wave (Fig. 1C) which was predicted earlier by Atangana et al. [15].
Cases per month were highest in the Americas but the highest deaths
were observed in Europe region although, infection rate and fatality are
coming down gradually. But in South-East Asia especially India now
reached a critical situation and about to face the most devastating hit by
COVID-19.

3. Evolution of COVID-19 around the world for the last 17
months

Though the number of cases and deaths are related to each other the
ratio between cases and death is behaving differently in certain regions
(Fig. 2). In the Americas region the total case has come down but the
death rate is still going up especially in Brazil, U.S.A, Argentina, and
Colombia (Fig. 2A). In Europe, death is steady with a fall down in the
number of cases per month (Fig. 2B). South-East Asia has now become
the burning ground of COVID-19 with the maximum number of cases
and death especially in India (Fig. 2C). In Eastern Mediterranean the
number of cases has become worst of all time particularly in Iran
(Fig. 2D). Interestingly, in Africa, the number of cases has fallen but the
death rate is spiking up due to the new range of cases in South Africa
(Fig. 2E). The Western Pacific which was meant to the most controlled
place also had its highest peak of cases per month lately especially for
Japan, the Philippines, and Malaysia (Fig. 2F).

The most probable reasons for these fluctuations of cases and death
rates might be related to the application of lockdown protocol, main-
taining social distancing, vaccination, and adequate healthcare facility.
However, these data are collected based on of regions where different
countries followed different approaches. The most of the regions where
the condition is worsening, the most common reasons are the saturation
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Fig. 1. COVID-19 epidemiological status till 2nd May 2021; these graphs
explain the condition of the COVID-19 situation in the world. A. Illustrate the
total cases that have been reported in different regions (1 million =1 x 107). B.
States the cumulative deaths in different regions. C. Cumulative cases com-
parison between the 1st wave and 2nd wave of COVID-19.

of heath care scope and vaccination. At present, the death percentage of
south-east Asia is raising sharply against the number of cases which
might be the influence of new variants and poor pandemic management
in this region.

Nevertheless, the mutation in a virus is inevitable and can change its
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Fig. 2. Comparison of the number of cases and percentage of death per month; all the data are plotted in these graphs from January 2020 to 18th May 2021 (17
months). A, B, C, D, E, and F are cumulative cases vs percentage of death per month in Americas, Europe, South-East Asia, Eastern Mediterranean, Africa, and Western

Pacific regions respectively.

contagious profile. SARS-CoV-2 has also mutated as it jumped through
lots of individuals. Particular four variants (B.1.1.7,B.1.351, B.1.1.28.1,
and B.1.617) of SARS-CoV-2 have raised certain concerns due to their
greater transmissibility than the native virus [16]. Around 152 countries
have reported with B.1.1.7 variant patients followed by 106 countries
with B.1.351, 61 countries with B.1.1.28.1, and 62 countries with new
variant B.1.617. Among these four variants B.1.1.7 is the most alarming
not only because of the greater risk of mortality and hospitalization but
the recent outbreak in India with B.1.617 and its mutated variants
(B.1.617.1, B.1.617.2, B.1.617.3, B.1.617.x) has become more serious
and also reported in failure with conventional detection. Experts suspect

that this new variant B.1.617 has more capacity for a human to human
transmission than the others [17]. Though present vaccine provider
companies (Pfizer-BioNTech, Moderna, and Oxford-AstraZeneca) states
that their vaccines still active in B.1.1.7 variant but show reduced effi-
cacy on B.1.351 phenotype [18].

4. Recent treatment protocol
SARS-CoV-2 spike protein configuration is different from its ancestor

SARS-CoV and MERS-CoV (Middle East respiratory syndrome corona-
virus) which makes COVID-19 management complicated. Due to the fast
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infection rate, mutation, and complex mechanism of action, conven-
tional anti-viral therapy leads to poor management [19]. Many clinical
trials are going on for the search on suitable COVID-19 treatment plans.

On February 9, 2021, FDA had issued Emergency use authorization
for monoclonal antibody (bamlanivimab plus etesevimab) treatment for
the outpatient with mild to moderate symptoms but not for the hospi-
talized patients or those who required oxygen therapy [20]. Remdesivir
or Remdesivir plus Dexamethasone or Dexamethasone treatment is
recommended for those who are hospitalized and require supplemental
oxygen. Only Dexamethasone for the hospitalized patient with invasive
mechanical ventilation [21].

5. An alternative approach to COVID-19 management

On September 24th of 2020, my cousin and her whole family (5
members) got infected with COVID-19 and they followed the prescrip-
tion which follows Ivermectin (12 mg) for 5 days, Doxycycline (200 mg)
for 7 days, Vitamin-D (2000IU) 15 days, Vitamin C (chewable table) 1
month. They were quarantined and had these medications according to
the prescription. In the following 21 days, they all were recovered. This
real event intrigued me to investigate more about these drugs against the
COVID-19. Another most important reason which interests me that these
drugs are available in every country and their safety profile is
outstanding. Side by side, countries with lower economic growth have
little reachability to the vaccine which made them even more vulnerable
to COVID-19. Scientists and clinical practitioners are more driven in the
search for alternative management because of poor outcomes from the
recent treatment protocol. We have discussed below six potential can-
didates (Fig. 3) for better management based on several clinical trials
(Table 2). These drugs might not only approachable for COVID-19
treatment but also might protect if taken in a prophylactic manner.

6. Ivermectin

Ivermectin (IMT) is a macrocyclic lactone derived from the Nobel

Biomedicine & Pharmacotherapy 142 (2021) 111956

prize-winning compound avermectin [22]. IMT is a broad-spectrum
anti-parasitic drug (FDA approved) [23] and also proven as an anti-
viral drug in a wide range [24-26], anti-cancer [27], topical
anti-inflammatory and wound healing [28,29], antibacterial [30],
anti-mitotic activity [31].

Nonstructural protein 5 (NS5) is a crucial component to replicate
RNA viruses like ZIKA, Dengue, West Nile, and HIV-1 [32,33]. NS5
complies with the importin p1 nuclear localization signal (NLS) and o/f
NLS [34]. Various investigations proved that IMT could inhibit NLS by
disassociating importin o/f1 heterodimer and thus blind NS5 to recog-
nize importin mediated NLS [32]. Coronavirus is also a positive-sense
single-stranded RNA virus, making it a suitable target for IMT treat-
ment [19]. Clay et al. was the first to investigate the antiviral effect of
IMT on Covid-19 in vitro and reported results elucidated an efficient
remedy with ~ 5000-fold reduction of viral RNA in 48 h [35]. IMT also
can downregulate the inflammation through nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB) and MAPK
pathway [36]. Recently five days randomized clinical trial was con-
ducted on 72 patients infected with mild Covid-19. Patients were
divided into three groups (IMT, IMT + doxycycline, and placebo) and
received 12 mg of IMT or IMT 12 mg and doxycycline (DC) 200 mg once
a day for five days except for the control group. Interestingly the viral
load was found negative in 9.7 days and fully recovered within 14 days.
No adverse effect or drug-drug interaction was noticed during this trial
[37]. Additionally, another phase-3 clinical trial (NCT04523831) was
conducted on 400 patients with mild symptoms by combining IMT and
DC In this study, patients have received IMT 6 mg twice on the first day
of the treatment and discontinued for the rest of the course. DC 100 mg
twice a day (1 + 0 + 1) was continued for five days. Within seven days,
Body temperature and oxygen saturation become normal (37.5 °C and
Sp02, > 93%) for 60.7% of the treatment group, 12 days for 23%, 14
days for 7.7%, and one month for 8.7%. Interestingly the mortality rate
was 0.0%, which was very encouraging. Another small trial
(NCT04591600) on IMT also suggested the same indication, but they
also included that early administration of IMT can lead to better
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Fig. 3. Potential candidate for COVID-19 management; this diagram displays six promising conventional molecules (2D structure) that might present a life savior

option to treat COVID-19.
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Table 1

Biomedicine & Pharmacotherapy 142 (2021) 111956

Alternative option of COVID-19 management; the list of drugs and supplements with their dose and regime to use either as preventive measure or treatment approach

against COVID-19.

Generic name Dose Dose regimen (prophylaxis) Dose regimen (treatment) Availability Role on COVID-19

Ivermectin 12 mg/day Once Physician’s decision On prescription Inhibit viral replication, Immunomodulation.
Doxycycline 40-200 mg/day 5 days Physician’s decision On prescription Inhibit viral replication, anti-inflammation.
Zinc 15-50 mg/day 20-30 days Physician’s decision OTC Inhibit viral activity.

Vitamin-D 1000-4000 IU/day 20-30 days Physician’s decision OTC Increase immunity.

Vitamin-C 250-1000 mg/day 20-30 days Physician’s decision OTC Reduce viral infection chance, redox balance.
Cannabidiol Physician’s decision Physician’s decision Physician’s decision On prescription Incorporate viral invasion, reduce ARDS

management [38].
7. Doxycycline

Doxycycline (DC) is an FDA-approved antibiotic that comes from the
tetracycline family. DC possesses good intra-cellular penetration and
broad-spectrum antibacterial effect [39]. DC has been reported for
various infectious disease control including pasteurellosis, brucellosis,
borreliosis, trepanomatosis, rickettsioses, leptospirosis, cholera, Q fever,
urinary and pulmonary infections by Chlamydia and Mycoplasma,
anthrax, and gonococci. It is also useful for malaria prophylaxis because
of its anti-Plasmodium capabilities [40]. In dermatology, DC is indicated
for rosacea and acne [41]. DC can bind with bacterial 30S ribosomal
subunit and inhibit bacterial protein synthesis [42]. Besides its core
effect, DC is also studied for its antiviral activity against the chikungu-
nya virus, Japanese encephalitis virus, Respiratory Syncytial Virus, and
Dengue virus [43-46]. Rothan et al. showed that DC is very potent to
inhibit RNA viruses, e.g., chikungunya [44]. DC can inhibit matrix
metalloproteinases and bind with E2 envelope glycoprotein, which is
important for viral replication and survival [47]. Investigation results
elucidated that DC can have a potential effect on SARS-CoV-2 entry and
its post replication. Side by side, it can act as an anti-inflammatory agent
by reducing various pro-inflammatory cytokines expressions [48]. In
May 2020, a small study was conducted on 89 COVID-19 positive pa-
tients with DC (100 mg) for seven days. Initially, they were treated with
hydroxychloroquine and azithromycin, but afterward, medication was
replaced with DC because of both of their cardiotoxic behavior. This
study reported a recovery rate of 85%, and only 3% of patients were
rebounded for hospitalization due to their clinical deuteriation after ten
days [49]. As previously described, the IMT + DC combination was
remarkable on COVID-19 recovery (NCT04523831, NCT04591600).

8. Zinc

Zinc (Zn) is an essential macronutrient that involves growth devel-
opment, neurosensory functions, DNA synthesis, gene expression, and
immune system regulation. Nowadays, 17.3% of the global population is
Zn deficient, and Zn deficiency can lead to growth retardation, diarrhea,
hair loss (alopecia), inflammation of the tongue (glossitis), nail dystro-
phy, and premature birth [50]. As Zn’s source, Oysters comprise the
most, but the major Zn comes from red meat and poultry. Refined rice
only contains 20% Zn of daily requirement although, the countries
where rice is the staple food has more susceptible to Zn deficiency [51,
52]. Insufficient Zn can downregulate antibody production and, conse-
quently, reduce cell-mediated immunity, leading to more infection
vulnerability [53]. Admiration of Zn can reduce the duration of common
cold symptoms [54] and upper respiratory tract infection morbidity
[55]. It also can inhibit the hepatitis C virus through IFN-A3 signaling
[56] and ease people living with HIV infections [57]. In vitro study
showed that Zn cations could inhibit SARS-CoV-2 RNA polymerase ac-
tivity by decreasing replication [58]. Zn with or without chloroquine
can increase Zn abundance inside the cells, which can intensify
cell-mediated immunity [59]. SARS-CoV-2 penetrates the cells through
angiotensin-converting enzyme 2 (ACE2), and Zn was studied on the
modulation of ACE2. Exposure of Zn reduced recombinant human ACE-2

activity in rat lungs, which might be a potential approach against
COVID-19 [60]. Five hundred twenty patients with COVID-19 were
recruited for a clinical trial (NCT04342728) with ascorbic acid
(8000 mg/day) and Zn (50 mg/day) for 28 days. This group was divided
into four subgroups (Ascorbic Acid or Zinc Gluconate or Ascorbic Acid
and Zinc Gluconate Dietary Supplement and Standard of Care). This
study was expected to reduce symptoms in 28 days, though the results
are yet to develop. A case study of four patients who received a high dose
of Zn improved significantly after one day of treatment, and the
researcher suggested that Zn might play a crucial part in the recovery
phase from COVID-19 [61].

9. Vitamin D

Vitamin D (Vit-D) is one of the essential vitamins that can be
involved in calcium homeostasis and involves the immune system
modulation of our body. Lack of Vit-D can lead to autoimmune diseases
and increase the vulnerability to infections [62]. Vit-D deficiency (serum
25-hydroxyvitamin D < 20 ng/ml or 50 nmol/L) is very common
worldwide. Currently, 40% in Europe, 37% in Canada, 24% in the U.S.,
> 20% population in India, Tunisia, Pakistan, and Afghanistan are re-
ported as Vit-D deficient [63]. Generally, adults [64], darker skin [65],
and obese [66] people are more susceptible to Vit-D lacking. Elizabeth
et al. recorded 10,926 death from 17,278,392 COVID-19 patients and
found that more elderly, obese, and darker skin people died [67], which
might have a co-relation with Vit-D deficiency. Another study showed
that COVID-19 mortality and infection are inversely proportional to the
population’s Vit-D level [68]. A blood clot in the lung tissue and
ventilation is more prevalent to lower Vit-D leveled people and has a
greater mortality rate [69,70].

Vit-D can be obtained by sun exposure, diet, and dietary supplement;
however, direct sunlight to the skin is the primary source of Vit-D [71].
A small portion can be obtained from fish, egg yolk, animal liver, and
milk [72]. The daily necessary intake of Vit-D for an adult is 15 pg (600
IU) to 100 pg (4000 IU) [73], but due to lifestyle and lack of sunlight,
50% of the world population is at risk of Vit-D deficiency [74]. A clinical
trial (NCT04449718) of 240 patients displayed that one single bolus
dose of Vit-D did not improve the outcome. Another small study showed
that a high dose (60,000 IU/day) for seven days might help against
COVID-19 and a significant decrease in fibrinogen [75].

10. Vitamin C

Vitamin C (Vit-C) or ascorbic acid is a powerful antioxidant that
helps decrease inflammation and improve immune function. Vit-C
deficiency or low dietary intake can lead to low immunity and greater
susceptibility to viral infection [76]. Vit-C has well documented against
the common cold including various studies against herpes simplex
virus-1, influenza type A virus, AIDS, poliovirus type 1, viral upper
respiratory tract infections, acute respiratory infections, and rhinovirus
have proved this [77]. In a viral infection, redox homeostasis is imbal-
anced and causes tissue damage, leading to inflammation [78]. Studies
showed that Vit-C could shorten the length of ICU (intensive care unit)
with respiratory diseases [79] and L.V. (intravenous) dose helps patients
to recover from septic shock [80]. In ICU, Vit-C can improve blood
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Table 2

List of clinical trials and case studies. The clinical studies related to the IMT, DC,
Zn, Vit-C, Vit-D, and CBD are listed in this table with their clinical trial identi-
fication number and actual or estimated participants amount. The studies which
don’t have identification numbers are referred to a case studies.

Identification
number

Title Number of
patients enrolled

A five-day course of ivermectin for the 72 none
treatment of COVID-19 may reduce the
duration of illness.

Clinical Trial of Ivermectin Plus 400
Doxycycline for the Treatment of
Confirmed Covid-19 Infection.

Effectiveness of Ivermectin and 140
Doxycycline on COVID-19 Patients.

Clinical Outcomes of Early Treatment with 89 none
Doxycycline for 89 High-Risk COVID-19
Patients in Long-Term Care Facilities in
New York.

Coronavirus 2019 (COVID-19)- Using 520
Ascorbic Acid and Zinc Supplementation
(COVIDAtoZ).

Vitamin D Supplementation in Patients 240
With COVID-19.

Short Term, High Dose Vitamin D 30
Supplementation for COVID-19 (SHADE).

Prophylactic Ivermectin in COVID-19 340
Contacts.

Role of ivermectin in the prevention of 117 none
SARS-CoV-2 infection among healthcare
workers in India: A matched case-control
study.

Zinc Versus Multivitamin Micronutrient 4500
Supplementation in the Setting of COVID-  (estimated)
19 (ZnCOVID-19).

A Preventive Treatment for Migrant 4257
Workers at High-risk of COVID-19.

A Study of Hydroxychloroquine, Vitamin C,
Vitamin D, and Zinc for the Prevention of
COVID-19 Infection (HELPCOVID-19).

Safety and Efficacy of Hydroxychloroquine 5000
for the Treatment & Prevention of (estimated)
Coronavirus Disease 2019 (COVID-19)

Caused by Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2)

Povidone-Iodine Vs Essential Oil Vs Tap 20
Water Gargling For COVID-19 Patients
(GARGLES).

Study to Evaluate the Safety and Antiviral 596
Activity of Remdesivir (GS-5734™) in
Participants With Moderate Coronavirus
Disease (COVID-19) Compared to
Standard of Care Treatment.

Study to Evaluate the Safety and Antiviral 397
Activity of Remdesivir (GS-5734™) in
Participants With Severe Coronavirus
Disease (COVID-19)

Outcomes Mandate National Integration
with Cannabis as Medicine for Prevention
and Treatment of COVID-19 (OMNI-Can)

Cannabidiol for CoviD-19 patients With
Mild to Moderate Symptoms
(CANDIDATE)

NCT04523831

NCT04591600

NCT04342728

NCT04449718

NCT04459247

NCT04422561

NCT04551339

NCT04446104

600 (estimated) NCT04335084

NCT04590274

NCT04410159

NCT04292730

NCT04292899

200,000 NCT03944447

(estimated)

104 (estimated) NCT04467918

pressure, bronchoconstriction, infections, atrial fibrillation, and acute
renal injury [81]. So, a mega-dose of Vit-C might rescue severely ill
patients from COVID-19 [82]. During the pandemic in China, 10 g and
20 g Vit-C I.V. was been prescribed from moderate to severe COVID-19
patients for 5-7 days and that improved the disease resolution period
[77]. Though regular 250 mg (twice daily) Vit-C supplement might
present a preventive measure to the general population[83].

Besides Vit-C, quercetin (QCT) is a natural plant-derived flavonoid,
can act as a viral protease inhibitor thus block RNA production and viral
replication of different RNA viruses like HIV, Hepatitis-C, and SARS-
CoV-1. Concurrent administration of Vit-C, QCT, and Vit-B3 can
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reduce the vulnerability and mortality from influenza HIN1. QCT is also
believed to bind with the 3CL-like-protease of SARS-CoV-2 and inhibit
its proteolytic activity. Ascorbate (conjugate base form of Vit-C) able to
recycle QCT and increase its bioavailability [84,85].

11. Cannabidiol

Cannabidiol (CBD) is a non-psychoactive cannabinoid derived from
the cannabis plant. CBD exerts a broad range of therapeutic effects like
anti-inflammatory, antioxidant, sedative, anticonvulsive,
protective, hypnotic, antipsychotic, and anti-cancer activities. Recently
CBD has been hypothesized against COVID-19 [86]. SARS-CoV-2 binds
with ACE2 receptor followed by the consequent activation of NF-xB and
stormy release of interleukin-6 (IL-6), tumor necrosis factor-a, IL-1o/f,
chemokine ligand-2, and C-X-C motif chemokine ligand-10. This event
leads to activation of T-cells and reduction of total T-cells amount leads
to disrupt immunity system [87]. Wang et al. illustrated that CBD might
able to manifest a possible hindrance at the infiltration gateway by
reducing the expression of ACE2 and transmembrane serine protease-2
(TMPRSS2) which helps the spike protein to bind with the ACE2 re-
ceptor [88]. Another study suggested that CBD can modulate apelin (a
secondary catalytic substrate for ACE2) and might improve COVID-19
related acute respiratory distress syndrome (ARDS) [89]. A phase 2
clinical study (NCT03944447) is undergoing to evaluate the application
of CBD as a preventive and diseased management tactic. Another small
randomized, double-blinded phase 2 study (NCT04467918) is going on
with CBD (300 mg/day) for 14 days. This study aims to observe changes
in proinflammatory cytokine concentration, parenchymal lung damage,
and adverse event with CBD treatment.

neuro-

12. Prophylactic use of the proposed drugs

A randomized clinical trial (NCT04422561) was done with 340
participants in Egypt to evaluate the prophylactic use of IMT. In this
study, they reported only 15 participants out of 203 developed symp-
toms who receive prophylactic IMT after 14 days. Similarly, a group of
health professionals in India received IMT at a dose of 300 ug/kg for
72 h. These healthcare workers were directly in contact with COVID-19
patients, and 73% of these people were uninfected for the following
month [90].

DC showed promising results in preventing viral infection, replica-
tion, and associated inflammation. This drug has also been used in
several clinical trials against COVID-19, suggesting that a low dose of DC
can be given (40 mg/day) to take preventive measures [91].

At the time of writing this article, a clinical study (NCT04551339) of
4500 patients is being conducted where the researcher proposed 11 mg
of Zn tablet per day for the next three months. This study will be con-
ducted to observe the prophylaxis of Zn. Similar kinds of clinical trials
(NCT04446104, NCT04335084, NCT04590274) are also ongoing, but
they also see how Zn is standing out hydroxychloroquine, DC, IMT, Vit-
C, Vit-D, Azithromycin, and Quercetin.

A study based on the Israeli population was done on 7807 individuals
with serum Vit-D test reports and found that only 10.1% were COVID-19
positive, and the rest were not infected. The Vit-D level in the infected
group was lower than the non-infected group, which suggests that the
Vit-D can boost the immune system to fight against COVID-19 and
prevent from getting infected [92].

Different studies against different viral respiratory tract infections
showed that Vit-C could decrease the severity of illness and mortality
rate [93,94]. Several randomized clinical trials suggested that early
intake of Vit-C can reduce the 50% chance of getting caught with the
common cold [95].

ACE2 and TMPRSS2 inhibitors can restrict SARS-CoV-2 invasion
[96] so, high-cannabidiol containing mouth wash can be a preventive
strategy due to the ability of ACE2 downregulation in Epilntestinal and
EpiAirway tissues [86,88].
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13. Safety profile

Though IMT is a very potent anti-parasites, its antiviral capability
becomes more prominent in COVID-19 treatment. IMT has a good safety
profile and has a minimum adverse effect when taken orally. The safe
therapeutic doses of IMT range from 20 to 80 ng/ml in the blood [97].

Like other tetracyclines, DC is also contraindicated in pregnant
women, especially after the second trimester, breastfeeding mothers and
children. The overuse of DC can also lead to antimicrobial resistance,
leading to higher medical costs, prolonged hospital stays, and increased
mortality [98]. However, DC is a well-tolerated drug with some side
effects like stomach upset and some cutaneous abnormalities [39].

Daily recommended Zn intake for men and women is 7.5-12.7 mg/
day and 9.4-16.3 mg/day, respectively. The upper limit is set at 40 mg/
day, but higher and prolonged-term intake might cause Zn toxicity,
leading to nausea, vomiting, fatigue, epigastric pain, lethargy, and
permanent loss of smell [99].

Vit-D has been considered a very safe medication, even in a very high
dose. If the serum 25-hydroxyvitamin D has to exceed 150 ng/ml
(8375 nM/L) with higher calcium intake, Vit-D toxicity might occur,
which is extremely rare [100]. According to the European food safety
authority (EFSA), 250 pg/day was established as no observed adverse
effect level (NOAEL) [101].

Though the daily recommended dose of Vit-C for adults is 90 mg/day
during acute infection, this can be raised to 2 g. Does higher than 2 g per
day might cause diarrhea, nausea, and abdominal pain [102]. A larger
dose (10 mg/day) might cause oxalate kidney stones, but nothing was
observed in sepsis in a clinical trial [103].

CBD is non-psychoactive but the smoking of cannabis is not recom-
mended. CBD might lead to hepatic abnormalities, vomiting, diarrhea,
fatigue, and CBD-induced drug-drug interactions [104]. So, medical
CBD has to be applied under strict monitoring.

14. Comparison between Remdesivir and proposed drug
combination

At present, Remdesivir (RDV) is the only drug that has been
approved by the FDA for COVID-19 management. The antiviral activity
of this drug acts by inhibiting viral replication. The active metabolite of
RDV (Remdesivir triphosphate or, GS-443902) is a synthetic analog and
competes with the natural nucleosides which inhibit viral RNA repli-
cation [105]. RDV nucleoside analog inhibits or delays transportation of
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Fig. 4. Proposed mechanism of action against SARS-CoV-2
infection; this illustration reflects a probable mechanism of
action with the combination of the Ivermectin (IMT),
Doxycycline (DC), Zinc (Zn), Vitamin-D (Vit-D), Vitamin-C
(Vit-C), and Cannabidiol (CBD) might present preventive
measure against COVID-19. SARS-CoV-2 invades the host
body through Angiotensin-Converting Enzyme 2 (ACE2)
and consumes host machinery to replicate itself which
leads to extensive tissue damage, immune reaction, redox
imbalance, and inflammation. IMT induces conformational
changes in nuclear localization signal (NLS) and inhibits
the contribution of nonstructural protein-5 (NS5) to repli-
cate SARS-CoV-2 along with the immunomodulation to the
host. Matrix metalloproteinase (MMP) is also a vital
component for viral replication which can be repressed by
DC. Vit-C is a well-known antioxidant that can help to
counterbalance redox stress. Zn and CBD might modulate
ACE2 which encumber SARS-CoV-2 to penetrate the host
body. Vit-D can boost the immunity system and might give
an extra layer of protection.

RNA-dependent RNA polymerase of SARS-CoV-2 and suppresses its viral
replication [106]. Two clinical trials (NCT04292730 and
NCT04292899) were conducted with RDV for moderate to severe
COVID-19 patients where they reported that RDV is more suitable for
moderate patients when followed five days regime [107,108]. Similar
results were also shown by IMT and DC clinical studies. Eweas et al.
exhibited that both IMT and RVD were very potent candidates against
SARS-CoV-2 [109].

Our proposed drugs act on SARS-CoV-2 in multiple sites (Table 1)
and side by side the most advantageous point is the ability of prophy-
lactic uses which might not be attained with RDV. Other advantages of
these drugs are not only cost-effective but also accessible for most of
these drugs.

15. Expert opinion

The most fundamental way to stay away from COVID-19 infection is
to wear a mask, wash hands frequently, avoid touching the nose and
eyes with unwashed hands, maintain social distance, and stay healthy as
much as possible [110]. Apart from these, taking essential vitamins and
minerals can give a fighting chance to stay uninfected.

As previously discussed, the IMT and DC have been used for the
preventive approach on COVID-19. However, the main concern is the
dose regimen because frequent intake as a preventive measure can make
this drug-resistant, especially DC IMT and DC are not available as OTC
(over the counter) drugs so, before starting to take these drugs, one has
to discuss with the physician or licensed pharmacist to get a prescrip-
tion. During these meditations, each individual should be under daily
monitoring regarding any side effects.

Zn level in the body is inversely proportional to the interleukin-6,
and in the case of COVID-19, Zn was found low. For the patients who
died in COVID-19, their Zn levels were much lower than those who
survived [111]. Another study also suggested that insufficient Zn level
results in poor outcomes in COVID-19 [112].

Vit-D is a very safe supplement, but the dose must be adjusted ac-
cording to the patient body mass index (BMI) to obtain the optimum
level. Vit-D is fat-soluble, so overweight individuals (BMI = 26-30) are
suggested to take a 1.5 times greater dose than healthy weighed (BMI <
25) individuals. For obese people (BMI > 30), a high dose (even up to 3-
fold) is recommended to obtain the average Vit-D level [113]. EFSA
suggested 100 pg/day of Vit-D as an upper limit for adults, including
pregnant and lactating women. For 1-10 years old, the upper limit was
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set at 50 pg/day [101].

Vit-C is widely available in many foods and fruits naturally, but
people might need to take supplements to maintain daily requirements.
We also need to keep in mind the safe upper limit (2000 mg/day) of Vit-
C [102]. The last thing we do not want is to get sick before getting
infected. The last thing we do not want is to get sick before getting
infected.

An interesting study (NCT04410159) was conducted on Povidone-
Iodine solution (PIs) for COVID-19. They used 10 ml of PIs to gargle
30 s (three times a day) for seven days and found promising results. A
similar study (NCT04549376) is also currently going on, suggesting a
prophylactic use of PIs against COVID-19 [114].

At the present state, the whole world cannot be covered with vac-
cines which might take a very long time but the spread and the mutation
of SARS-CoV-2 will continue. Besides the mainstay therapeutic
approach, these compounds might be helpful to contain this pandemic
under control. The suggested mechanism (Fig. 4) indicates that IMT, DC,
Zn, Vit-C, Vit-D, and CBD can be useful to be a preventive and thera-
peutic candidate against COVID-19.

16. Conclusion

COVID-19 presented a significant challenge in front of humankind,
but we are about the edge of a breakthrough. Many scientists worldwide
are working day and night to find a suitable solution to prevent and cure
this pandemic. Different pharmaceutical companies already completed
some promising vaccines, which is the shortest time to invent a vaccine
in human history. Nevertheless, the long-term safety and efficacy of
these vaccines are still under investigation. Meanwhile, old drugs like
IMT, DC, some essential vitamins like (Vit-D, Vit-C), minerals (Zn), and
natural plant extract (CBD) can be considered an excellent shield to
improve the fighting chance as prophylaxis treatment COVID-19 at the
same time.
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